Control of protein synthesis immediately following fertilization in the sea urchin egg is at the level of translation.1' 2 This system may serve as a useful model for translation-level control in other cells. Fertilization evokes a pattern of increase in the rate of protein synthesis which is independent of the synthesis of new RNA. 3 This fact was interpreted as evidence for the presence in unfertilized eggs of stored messenger RNA. Among the immediate consequences of fertilization or artificial activation there were assumed to be processes that made the stored RNA program translatable.
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The proposal that unfertilized sea urchin eggs contain stored messenger RNA has received support from several more direct experimental tests, and it may now be assumed to be correct. [4] [5] [6] [7] [8] Amino acid incorporation into proteins by cell-free systems derived from eggs and embryos accurately reflects the phenomena observed in vivo.9 Since cell-free systems from unfertilized eggs could be stimulated to incorporate amino acids by synthetic polyribonucleotides,'0' 11 it was assumed that the blocking agent that limits the endogenous protein synthesis in such systems is not on the ribosomes.
However, the report of Monroy'2 and his colleagues that a cell-free system from unfertilized eggs could be activated by trypsin treatment raised again the possibility of a ribosomal lesion. Trypsin activation of cell-free systems from metaphase HeLa cells, described by Salb and Marcus,"3 suggested that a general inhibition of ribosome function by polypeptides might be an important mechanism for the translation-level control of protein synthesis.
Our approach to this general problem has been to reinvestigate the behavior of cell-free systems from eggs and embryos, varying systematically the conditions of incubation and the means of purification of the biological components. The motivation for such an approach was the generally low incorporation rates obtained earlier, and our conviction that the search for a "lesion" ought to be made under optimal conditions for the supposedly inhibited system. A number of efficient preparations have now been standardized, and their properties will be described in detail elsewhere.'4 We report here several experiments on purified systems that bear upon the nature of the lesion. Our tentative conclusion is that there is no general de Figure 3 , and for electron microscopy.
Protein content of all samples was determined by the method of Lowry et al.,5 with bovine serum albumin as standard.
Incorporation conditions: The reaction mixtures contained, in /Amole/0.5 ml: 50, KCl; 3 or 4, MgCl2 (except when Mg++ was a variable); 17.5, Tris buffer, pH 7.4; 50, sucrose; 1.2, 3-mercaptoethanol; 1, ATP; 0.2, GTP; 0.015 each of 20 L-amino acids minus either L-leucine or L-phenylalanine; 0.0021, C4-'Lleucine, or 0.0016, C4-L-phenylalanine; and 2, phosphoenolpyruvate K salt. They also contained 6-8 jug phosphoenolpyruvate kinase and 100 ,ug poly-U (when used). Microsomes, S-135, and pH 5 fraction were added as specified in the figure legends. Incubations were done at 250C for 90 min.
Assay of radioactivity: Incorporation was stopped by the addition of 3 ml of 6% trichloroacetic acid (TCA) containing an excess of either L-leucine or L-phenylalanine, unlabeled. The precipitates were centrifuged, resuspended in 6% TCA, and kept in a water bath at 850C for 30 min. After cooling, the samples were recentrifuged, resuspended in 6% TCA, and the precipitates were finally collected on type HA Millipore filters. They were washed on the filter disks with 25 ml of 6% TCA. Filters were dried and counted in a Nuclear-Chicago low-background gas-flow counter. All counting data presented below are corrected for values of the zerotime blanks. For phenylalanine-C14 these varied between 50 and 95 cpm, and for leucine be- The data in Figure 1 show that incorporation by microsomes from eggs is real and reproducible within a preparation, but it is considerably lower than that given by microsomes from embryos. S-135 fraction from eggs is interchangeable with S-135 fraction from embryos, and the near identity of the incorporation in paired samples with the two different soluble phases reflects the reproducibility of the system as a whole.
Although there have been some suggestions that cell sap from eggs contains an inhibitor of protein synthesis,' results such as those in Figure 1 do not support them, nor do they favor hypotheses requiring the presence of promoters in embryos or cofactor deficiencies in eggs.
Phenylalanine incorporation with and without poly-U: The data of Figure 2 are from an experiment in which both endogenous and poly-U-stimulated incorpora-VOL. 57, 1967 tion of phenylalanine-C'4 were studied in mixtures containing various concentrations of Mg++. Egg microsomes were used for all incubations, and pH 5 fraction was used instead of S-135. In agreement with experiments such as the one described above, the pH 5 fractions from eggs and embryos are interchangeable. A pH 5 fraction from rat liver gives significantly higher incorporation. (This difference may be accounted for by the following observation: sea urchin S-135 fraction retains about half of its original capacity to support in vitro protein synthesis after the pH 5 fraction has been precipitated and removed. It may be that changing the conditions of precipitation will permit the isolation of a more active soluble phase fraction from sea urchins. Rat liver pH 5 fraction is two or more times more efficient then sea urchin pH 5 fraction when they are tested in the standard system at equal concentrations.)
The result illustrates the importance of varying the concentrations of Mg++ during the design of in vitro protein synthesis systems. By doing the experiment of Figure 2 at one or another invariant level of Mg++, almost any set of relative rates for poly-U-dependent incorporation might have been obtained for the three different pH 5 fractions.
Single and clustered ribosomes: Location of the messenger fraction: (a) Fractions and their contents: The data for this experiment are presented in Table 1 and in Figure 3 . Optical density profiles from sucrose gradients of eggs and embryos are shown in Figure 3 . There is little difference between the sedimentation patterns of the two. This is consistent with earlier reports that whereas protein synthesis in newly fertilized eggs does take place on polyribosomes,17-20 the optical density profiles do not show large changes until later in development. This results from the presence in egg and early embryo of a vast excess of monosomes. It was shown, however, that centrifuged cell-free extracts of early embryos contain material with optical density at 260 mgs that is translocated from the polysome region to the monosomes by mild ribonuclease treatment. Egg extracts do not have such material. 17 Gradient fractions were pooled according to the following scheme: A was taken from the soluble phase (top of the gradient), B from the central part of the monosome peak, and C and D from regions expected to contain light and heavy polyribosomes, respectively, in the gradient from embryos. From the egg gradient, fractions C and D were combined into one. All fractions were used for recovery of microsomes, as described above.
A representative electron micrograph of particles from region B is shown in Figure 4a . The B fractions from eggs and embryos were morphologically identical. These samples contain only ribosomes. Fractions C and D as well as the precipitates contain large amounts of membranous and vesicular material, as well as ribosomes. There are clusters of ribosomes associated with the membranes, and in the samples from embryos, large ribosomal clusters which are free of membranes as well. Samples of this heavy material from eggs and embryos, respectively, are displayed in the electron micrographs of Figure 4b and c. Both of them contain nonribosomal particles which are being studied in this laboratory.
(b) Protein-synthetic activity of the fractions: The various fractions plus the gradient pellets were used in standard incubation systems, whose compositions are given above and in the legends. They were tested for incorporation of leucine-C'4 (endogenous) and phenylalanine-C'4 (with and without poly-U). Additional incorporation data are given for the whole S-24 fraction used as the gradient sample and for microsomes isolated from the same S-24 preparation.
Fractions A show no significant endogenous incorporation with either amino acid, although they do incorporate phenylalanine-C"4 in the presence of poly-U. There are, of course, some ribosomes in these fractions. Fractions B represent monosomes and also the overwhelming majority of the ribosomes in eggs and embryos. They give virtually no endogenous incorporation, whether prepared from eggs or embryos, but they are in both cases greatly stimulated by poly-U. The heavy fractions, C, D, and the pellet for embryos, (C + D), and the pellet for eggs, show significant endogenous incorporation with both amino acids (although the heavy fraction from eggs incorporated less than that from embryos). in eggs has several possible explanations: (1) There is a low, but not insignificant "maintenance" synthesis in unfertilized eggs. ("Maintenance" synthesis is specified because it is not necessary for development, since eggs develop normally when fertilized immediately after spawning.) (2) The egg populations contain a small and variable number of immature o6cytes, which are known to synthesize proteins at high rates. (3) There is accidental parthenogenetic activation of a small number of eggs during processing. We cannot here offer a choice among the alternatives.
To the extent that endogenous incorporation in these experiments reflects the presence of messenger RNA, we may conclude that in eggs and in embryos at the stage employed the messenger is mainly found in heavy particle complexes. We have no evidence to support the notion that these complexes are, or contain, stable or nonfunctional polyribosomes. But the endogenous message program is contained in particles with which ribosomes are associated, either specifically or adventitiously, and which sediment very much faster than monosomes.
Ribosomes in eggs and in early embryos are almost all in the monosome condition. If we accept the proposal that translation of poly-U is a meaningful test of ribosomal competence, then egg and embryo ribosomes are identical. Thus most of the ribosomes in eggs and in early embryos seem to have no access to endogenous messenger, but they can be assumed to be functional, on the present evidence, when such access is possible.
On the assumption that the low incorporation in eggs is actually a property of all the cells, the messages are being translated very inefficiently, and soon after fertilization this translation becomes much more efficient. If all ribosomes are competent to function, this change in efficiency means that there has been a change in the messenger itself or that it has become accessible.
If, as seems likely, the messenger RNA is initially stored in heavy particles or complexes, then in the course of early development there is a steady transfer of it to the cytoplasmic matrix. This follows from the fact that the number of polyribosomes is very small at the beginning of development and increases steadily thereafter. '7' 18, 20 The increase takes place whether or not new RNA synthesis occurs.2 ' The results of these experiments, together with those of Monroy and his collaborators'2 and of Mano and Nagano,22 and Mano,23 suggest to us that the natural machinery by which protein synthesis reappears after fertilization involves no change in ribosomal competence. Rather there seems to be an unmasking of messengers made during o6genesis, perhaps by the controlled action of proteolytic enzymes.
Summary.-Analysis of amino acid incorporation by various cell-free systems from sea urchin eggs and embryos shows that all soluble fractions are functional in eggs as well as embryos. The low incorporation of eggs and systems derived from them is not due to deficiencies in cofactors nor to the presence of a protein synthesis inhibitor. The lesion seems rather to be an incapacity of otherwise normal ribosomes to translate the maternal messages. These messages are held in a masked condition on heavy particles or particle complexes. As a consequence of fertilization some messenger RNA is released, and free ribosomes, which are present in a large excess, combine with it for translation. VOL. 57, 1967 741
